In chronic coronary occlusions the chance of successful reopening by angioplasty can be judged from the age of the occlusion. Often, however, time since occlusion cannot be accurately assessed. Therefore we determined whether the chance of reopening can be predicted from angiographic morphology.
INTRODUCTION
Chronic coronary occlusions still represent the greatest challenge for percutaneous transluminal coronary angioplasty. Lately, interest in this area has been strengthened by two developments-the advent of new devicesl-6 and the finding that the functional benefits include not only recovery from angina but also improvement of left ventricular function7. Furthermore, successful recanalization seems to improve longevity8. How can the clinician predict the chance of success? We know that the older the occlusion the lower the success rate3'6'9, but reliable data concerning the exact moment of occlusion are not always available. We therefore investigated whether the chance of reopening can be judged from morphological features in the angiograms. PATIENTS We evaluated 60 consecutive patients (56 men, 4 women, mean age 55.1 years) with chronic coronary occlusions. 6 8 Occlusions were located in the left anterior descending coronary artery in 11, the right coronary artery in 43 and the left circumflex artery in 6. 53 patients had typical angina and/or developed ST depression during exercise electrocardiography. 7 patients had had a myocardial infarction but now had no symptoms; in these it was thought desirable, for prognostic reasons, to reopen the large coronary artery associated with the infarction8. Cineangiogram films (12.5 and 25 frames/s) were evaluated by two independent investigators, and occlusion morphology in at least two projections was analysed in graphic representations and correlated with the outcome of intervention. the vessel could not be assessed exactly before reopening (i.e. with respect to length and whether straight or curved), morphology of the proximal stump and quality of orthograde filling of the part distal to the occlusion were investigated.
A combination of four different indices yielded two typical occlusion morphologies (types A and B) which a third independent investigator, not involved up to this point, used to subdivide patients without knowledge of outcome. Subsequently, acute success rates and the estimated age of occlusion were related to this subdivision. For statistical analysis we used Fisher's exact test and the Mann-Whitney two sample test.
RESULTS
The four morphological features (a) A clearcut proximal vessel stump in at least one projection could be seen in 42 patients (70%). Reopening was achieved in 21/42 patients with a proximal stump (50%) versus 3/18 patients (16.6%) without (P<0.002).
(b) Origin of side branches was clearly separated from the proximal vessel stump in 54 patients (90%); the other 6 showed side branches directly at the site of occlusion. Reopening was achieved in 26 (48%) of the patients with separated side branches and in none of those with side branches at the site of occlusion (P<0.03).
(c) Direct or bridging orthograde collaterals (i.e. collaterals from the proximal vessel to the distal part behind the occlusion) could be seen in 21 patients (35%) (in some of the 39 without this feature it was not possible to distinguish between a bridging collateral and a recanalization channel). Reopening was successful in 5/21 (24%) with bridging collaterals compared with 19/39 (49%) without (P <0.06).
(d) 21 patients (35%) showed very rapid and high-contrast filling of the distal part of the vessel (behind the occlusion). With the exception of two patients the data are derived from the same patients as mentioned under (c): the quick flow into the distal vessel is caused by direct collaterals. But because these small collaterals cannot be seen angiographically in every case it seems reasonable to look for both features. Reopening was achieved in 5/21 patients (24%) with quick and high-contrast filling of the distal vessel compared with 19/39 (49%) who only had faint filling (P < 0.06).
Types A and B
A combination of the four features associated with a good chance of recanalizationclearcut proximal stump; side branches separated from the occlusion; absence of bridging collaterals; slow and faint filling of the distal part-was called type A morphology (Figure 1) . A combination of no clearcut proximal stump, side branches at the site of occlusions could be classified 21 as type A, 27 as type B. 12 could not be classified.
Estimated age and chance of reopening In 23 patients, the date of occlusion was known from previous angiograms, date of infarction or onset of angina in its present intensity. In patients with type A morphology, the estimated age of occlusion varied between 1 and 18 months (mean 6.1 months). The difference in mean occlusion age in patients with and without successful recanalization (5.8 and 7 months) was not statistically significant. The age of occlusion in patients with type B morphology varied between 2 months and 12 years (mean 11.7 months). Mean occlusion age in patients with successful recanalization was 4 months compared with 13.6 months in those without. Type B occlusions were about twice as old as type A (Table 1 ).
Morphology and chance of reopening
In 17/21 patients with a type A occlusion the vessel was reopened successfully compared with only 5/27 type B (P<0.0002) ( Table 2) .
DISCUSSION
If the age of an occlusion can be judged with any certainty, the chance of successful reopening can be predictedl 3,6,9,1O.
In the first three months it is good, but it then diminishes rapidly and approaches zero after 6 months. Often the age of occlusion is uncertain, and here we believe our morphological criteria to be useful (some of the indices correspond to the results of other working groups3).
The combination of occlusion morphology with data derived from the patient's history may facilitate decisions on angioplasty for chronic coronary occlusions. If the objective is to improve prognosis (rather than relieve symptoms) we suggest classification into six combinations: * Age of occlusion a few months; type A morphology; exertional angina and/or ST-depression during exercise: clearcut indication for angioplasty, good chance of successful reopening.
* Age of occlusion a few months; type A morphology; no symptoms: prognostic indication to be considered, chance of reopening high. * Age of occlusion a few months; type B morphology; exertional angina and/or ST-depression during exercise: angioplasty indicated, chance of reopening limited. * Age of occlusion unknown, type A morphology; exertional angina and/or ST-depression during exercise: angioplasty indicated, chance of reopening good. * Age of occlusion unknown, type A morphology; no symptoms: prognostic indication to be considered; chance of reopening good. * Age of occlusion unknown; type B morphology:
angioplasty not indicated, chance of reopening low.
With new devices, the indications for angioplasty have increased. Complications tend to be less frequent than those of angioplasty for stenosis, and long-term results are good1'6'9'11; reocclusions are seldom fatal. These results, though encouraging, will carry different weight in patients with and without symptoms.
